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i ontelds contanination and euepceted: peeiens plute rae 
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nave of the tast membrane perforreances 

‘ Fine mesh wire sereens are being provided in 
the hope, of eLininating bacirlng ante: retention. other 
contamina tion, is traceable yerticularly to snall inert | 

' particles adhered on the surface of the’ contro] HA mene 

' ‘branes Complete removal of these outside particles 
<3 prior to the tost filtration hos not been entirely EuCe@ 
cessful. In thé sizing detetrin: tion under the micro= 


ae. i scopa | ‘these various inert particles are not distinguishable. 
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The approach and improvements to this problem . 
are as follows: O11 immersion observation of ‘the standard 
HA mombrane with the colleated inert perticles on the cite 
fage was tried in a phase mieroscope. Vhon polarised ligat 
wig used the lly Ach oorticles produced a shadowing effect 
wisn Yeo other comtsrinatires nepticles prescate 
Tha best effests were apparent at 430K vhen the polarizing 
Agus wore mob MWlly crosccede ‘ 

Ochoe pargtieles of the desired sizes ange heve 
boon made available sy the Georgia Kaolin Company of Dry 

ranch, Georgio. These Kiolinite particles hava flat hoxe 
agoral shenis with possible dimentional variations in tro: 
planes. By staining these particles with methylene-blue 
it may be possible to wake them even mora easily distine 
muizhable ot a ecomtrol rembrane without necessarily usiis 
phase microscopy. ee +4 

Keapvanes tested by the above modifies tions 50 
far indicate the presenes cf rirtieles on the contro}. fil- 
ter up to a size range of 3.5 to about 5 nicrons. However 
due to contaminetion and possible loss of particles in the 
backing plate these figures ara not relirble under the 
conditions of the test. | 
Agsosol, Cheshor Assen bly: 

It seemed most effective to present the detail 
of an aerosol] chamber setup by use of suitable photographs, 
The three illustrations on peges 3 and 4, are accompanied 
by a desoriptive legend describing each essential part of 
the chamber assembly. These will elso be used os identice 
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‘Flowmeter, dry air. 


‘Air humidisier. 
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Sacondary mixing chembder. - : 
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Cutlets, altornete. 

Dey mlb thermonetor. 

“at tuio thernoveter. 

Cutlat tube ts atxosphere or special filters. 
Aorosol merbvane sampling outlet. 

Inpinger sampling outlet, 

Impinesr and flasie for controls. 

Vacvun lines. 

Burt-Goetz aerosol assay unit. 
#lovmeter-atonizer alr supply. 


Flowmeter, moist air. 
Compressed air supply. 
inlets, alternate aerosol. 
Chicago atomizer. 


Reservoir for fluid to be atomized. 

Mixing chamber for Chicago atomizer. 

Sparger. : 

Electro-dryor or silica gel air-dryer not shown. 
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The Pluic to te atomized is pleced in reservoir T. 
Air wetered ‘by the flow-mater Wis pesscd to primary air 

flew cx Vac Chicaro atomizer ccusing diszcesion of fluid ia 
T, ‘ine aviet formed parses to the misting chasber U, where - 
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Dein Ne sectap sane sta ot of an clectro~ 
Creme ox by passing through a solumn of activated ciiiea 
es whlaeed in dine UW Celeetrodvyce or silidea gol ecoluan not 
shovings Furtuey eomrents on the aerosol detection wroblen 
wind bo made in fart ITT. 

The sterm autoelava was received in this labo- 
vatory during the early part of the ronth. Installation 
has beon completed end Lts operation meets cur require- 


meats ideally. 


As noted in. the Fourth Progress Report, page 9, 
other types of cellulose acetate and acetate-butyrate have 
heen evaluated in rembranes. Cellulose pcetstes include 
the following and are to be added to those listed in Tabhe I, 
Third Progress Report, page 8, Ss - 
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Vhos olaur factors ace hold constant, momorangs are vancvally 


Paysop apg vere untvormily witted when the viseosity of the 
oficinel eciiviose type is lov, . lihevise, higa viseoslty 
eaters ylole avch poorer votting characteristics or lack 
ox walforn vetting. 

Nereover, analyals of ali imneuhrane data concerning 
celtniosa ssetate viscosities strongly Indleates effets 
on eortsin other properties, Considering tho eellulose-n 
nitrate type and visecslty enployed along with celluiose 
acetate, for example, when these viscosities ave chogen at 
wide variances (in the same solvent end sclids content) 
either the cellulose seetate viscosity being higher or 
lowar than that of the celiulose-nitrate, «ide variations 
fn £412 rroserties result. This applies partichlerly to 


uniformity’ of wetving, Z valvas, smoothness of film surface 
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ani gouorally Ines, peUCSnS al PISO ele Tet 
face, as well as generally increasea variance in bacteria 
growth characteristics on membranes.e Specifically, for a 
piven eeilulose ecetats type suitable in a given pore size 
ne, wane the corrasponding cellulose nitrate viscosity 


shovwid Le-aupieyed in order to raxinize gonoral. men srate 


paircrultye 

In pinary sol pravoratsions a narrow range of 
virscsities ov both esllulose-nitrate and: acetate are also 
dinomtent. Ths henesentsineg orocees of Pinel sol prepae 
gatioas enhances this "uniform chain breakJoun". 

It may be pointed out hovever that these sol 
peovarectons of cellulose esters are typical polymesic 
cysters and thorerore not exactly reducoable to sharply 
deliined propavties at all tires. From the baeckgrovnd of 
mombrane production data and expsrioenees in the lahora- 
torles of this company, these statoments are Wall bor.2 

out. Additional factors recognized to effect the operation 
of preparing aud casting mewovanes are (1) control of 
temperature of the entire mix and evaporation ef solvents 
curing homoge.ization, An optimum temperature and cycle 
or homogonization is indicated during prepsration-- an 
essentiel factor contributing to reproducibility, (2) En- 
vironnental conditions existing during actual membrane 
casting. For instance, the ambient conditions of humidity 
and temperature, and, possibly atsiospheric pressure. In 
the case of finer type membranes empirical considerations 
suggest that these effects are more pronounced on membrane 
structure formation during the critical gelation stage. 
Perhaps a -practical rovte leading away from these undesiy. 
able and variable effects, lies in casting a smaller size 
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sheet when fing rambrenes eve involved. ’ 
Howaver these aspects romain to be further 


eensidwsé at s later date vending final conclusion: | 


eccritions (1) and (2) ebove, a worthewhile approach 
‘dics ia certain ageing factors involving cellulose - 
incotovs. This will be bronght out presently in more 

arvee sviuat? discussions, | 
Membrans preparations and testing were also i 

completed oa the following acetate-bdutyrate in binary 
miuunre with cellulose-nitrate, These are edditional . 

or to’ those listed in table {, Second Prozress Report, 


pose 16. They arag 
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i. 1765 29.5 1.5 to 2.5 
2, 17.5 29.5 10 to 20 
36 17.5 29.5 33. to. 35 


It Will be recelled that these acetate-butyretes 
types are now commereielly available whereas the 16% : 
butyryl, 31% acetyl type hes heen discontinued. Mentranss 
prepared foom the above acetate-butyrates show no shrint:- 

- ing tendencies :on the glass plate for a wide renge of Y 
values. These membranes are also comparable to these 
prepered with the previous 16% butyryl, 31% acetyl type 
ester in flow rates and wotting properties. Generally : 
formulations with cellulose acetete-buty r tes yield 
membranes of higher flow rates, longer wetting tinds 

‘ and increased Leittleness #8 compsted with cellulose 
acetate prepsred_membrenos. Various Triton- type vetting 
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avccats and properties with ag. Sata-bitvrate prepared 
naaoranes aorees fren thei? sultabliity end applications 
} i” : 


nywosel trpe jcubranes. ‘hein further, evaluation cana 
' } is 1 


therefore be, by-passed in fayor of more Promisins NOAPTSAOS o 
| From the peint of view of ecllulosic raterlals, 

str.dies to date have greatly auplified the understanding 

of nechani srg in rembrene formation and cropaniiea: Tha 

_ ace tate-butyrate ane acetate estas of eae investiga- 

ted represent all cornerct.1 Ly agadleblor types soluble 

in acetone. These celluloses, have been evalnated essontdal- 

ly cn pressntly developed techalques and equipnent. 

Farther general discussions of these conditions will be 


made in art ITT.: 


ere concerereptnneeeseeente! atte A AO 
1 As determined by direct contact with prime manufacturers 
. of cgliuloge, derivatives in the United States. 
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investigated are the new eslluiose acatate-sorvate and 
certain ceilules ceniere toss, tac cellulose- acotate-sort'ite 
auceests possibilities of eroges-lintege with ont tirely 
eLifcroat tonomerie type waterials. Soma of these trials 
apo recerver and trill pe sormesized in a later Leporte 

in the Fourth Progress Report, voges 6,9, four 
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and. wou sions will be givca on those four aspects sepa 
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Serletiy specking these aze., ‘legion but upsa 

fyrthiy cousiseration of a solvent-dliuent systen several 
macopiais ave ruled out. F.osm such empiricel considerations 
the followiur materials end Posults vere obtajned. Cone 
siuoring formemide, only just now commercially available, 
and a solvent for rany classes of compounds namely; cel~ 
lulese-acetete, certain proteins end goccheridess miseivie 
in water, glycerol and organic solvents, and e softening 
action on cellulose-nitrate, the following triels were 
made in binary sols: : 

A. Dissolved in formamide were proteins such es 
Keleote end cascing a saccharide nenely,starch; and cel- 
lulose-scetate. The significant result is that these ra- 
terials produced rembranes within limits already found 
considering flow-rote and retention. At increased cone 
centrations 911 the formamide additions become, unstable, 


tending tp separate out of suspens’on, and producing the 
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ent offect of brittieness and reduéed tensile strength cn 
the fllm. ; 

B. Addition of de-waxed, alechol-soluble shellac 
ftone with cellulose-acetate and nitrrte generally -in- 
eveses tho brittisnoss of mombranes. Ineressing amounts 


of oncllae incfeases the porosity of the membranes 


se 


{levers the Z valuas) accompanied by inereased britile- 
woss end slignhsiy colored line patterns in the resulting 
SOMDrANS » ; 
C. Other miscollancrous additives to gellulose-~ 
piivete evalue’ ted wera theses 
(a) Alginic eeld, whic! baske structure is 
analagous to celiviose, imbibes largo amounts 


of water. During gelation and at annealing 
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tompere ture this water would presumably take 
part in the poze strucsure formation. Such 
formulation hovever exhibits very high film 
shrinkage during gcolrtion though porosity is 
apperently retained. Because of shrinkege these 
films cowid not be extrected or otherwise tested 


at the present time. 
(b) Alcohol-water solublg nylon resin wes also 
added to celluloso-nitrete with the usual e6ol- 
vents ~- dilvents. High shrinkege during gela- 
tion resulted (in simtler fashion to (a) above). 
These films also retained porosity after shrinkage 
but again due to this shrinkrge they wore not 

capable of heing extrected or otherwise tested 

- at_the_ present time, _ 
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“he zee son. for this was .to establish a TOiater® ScAsuaTu 
by which comparisons could be mate. Results of these 
. telef experiments definitely show variabie effects on 
. Tomurane properties. However due to limited data the 
pattern of the effects ts not Clear, the coupexities not 
neing capable of definition within the tire scope of this 
ecntracte | 

Generally a mixture of organic iiguids wiih 
solvent or eo-solvent pover on cellulose-ni tre ta and 
acetate accompanied by a low dielactric constant for each 
licnid produces a membrane with a higher flow rate. If 
tha solvent or co«solvent (distinguished fon a "ailuent 
only ' materiel) has a low vapor pressure (slow evato- 
patlon) there is a point at which the membrane is blushed 
but not porous end another point at which the f4lm bse 
comes completely transpafent.. Typical effects of diluents 
are impossible to single out from the present deta. Also 
the presence of water In the formulation eliers the above 
general relationships. 

From these experiments the presence of water Jn 
a formulation can be releted to a definite property of a 
membrane. In the complete absence of water, anhydrous 
solvents and Glluents of a sol preparation, such membranes 
can be porous but are almost tompletely hydrophobic. 
6 4 The above experiments on solvents and diluents 

have indicated that the flow rate of the 'HA type menbranes' 


can be increased by a factor of about 4 withdut significantly 


distorting other Properties of the membrane. ‘The innediate 
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signivibance of these resuli ts will be to apply thela to 
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fine membranes under present developments. ; 
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inere hava been no 'i vestiagtions on developmarts 
of this qualitative agpeet to ‘dete. ‘Cdasiderations tndi- 


OR oo hove: zoe that these conditions sre related in section 


Bates. | | a ag eos , 
' ‘Yortables Sle esunavly arfrecting menhiane fdematcoa 

wider this clacsifieation ard; temporeintre, molsturs, 

atvuospherie prose, and air flow in che surroundings jo - % 


a film fren tho easting Gere eee to tha end of the ‘gelat tion 
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nyele.e focerding’ evaporation of solvent~diluent systems 
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these varie bles are related 32 heat effects of evapora ting 
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. These ef ects suggest that ms mbrane fijm ualfor~ 


wsanse However, ' the equipment and sensitive ; controls 


! 
mi ty or pore size centrol Sactors are ach: vable by these. 
reguirell for these experiments are ‘considerate, and are 


not contempinted at ‘this! time. 
TLstain offeats of adehtives dn gpl toxmatonst 
Experiments have bden initiated for the evajuation . 
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of ageing additives in membrane formulations. Since these 
triuls involve various tine. periods no results aro available - 
for reporting at this times, = es 
The litera tune indicates that in a solution of 
a‘ collulose-nitrate in acetone, the nitrate rvoupe are sol- 
vated apecifieally by acetone. Remaining hyéréxyl groups 


must: aerators ba ‘solvated oy alcohol co- solvents. Such 
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‘ : = . 2 co-sol.vent ‘has the well-lapta effect or See 
1 me solut: ion viscosity of colivtose osters eonthtntng un | 
substit tuted hydroxyl groups. : : 
In as much as cellukose-nitrate lacquer’ pre- a 
sently avaiable ig vet with atechol solution wigcos ity 


: As relatively. hiz ah at the solids ‘present tly utilized, ‘end 


re: ageing periods for membrene. preparations ere presently 
hetaptisned ot e abivty bey minimum ftom the dete of 
: eg sanUseCYISe These considnza ts ions seem approp~’ 
4 . Diates the attvdte proup on cellulose Ps indicated in | 
| , one Literatiwve is an ester group not a nitro ercup as 
tha cornmeal, nore aitrocelluiose)' implies. It is there- 
: ; Peve hydvolssavlae' Some hydrolysis of ‘nitrate porbicue 
| SaxviLy Inthe prea3aee of water is entirely possible. 
: During honogend za tion of sol preperattons 


on an / ube the ‘initial coitulose solution viscosities are ndgh 


‘“betore sol II addition takes ‘plece), temperature increases 
‘are encouhtered.s These condi tions become more favorable > S 
“lt fox hydrolysis ico re place. Cnee started the. presence of 
freewacid in a sol mixture catalysed the reaction even 
more. Thooretically then, ' there is e maximum tempora ture- 
at which hydrolysis becomes appreciable and. an optinun 
; temperature’ at which sol preparations shiuld be homogeni- 
"| gede = These effects ara conceivably related also to mem 
brane uniformity, reproducability, and properties. 
-§ Furthernore since fine membrane eolls are generally nore 
| visocus these effacts become waite ites and a highly 
“uniter alspersed system becones more difficult to sttaine 
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“the suspicion that a "loading factor" might be involved 
in filcration of phege through s membrane cppeers to ‘have 
“been confirmed. By loading factor is meant the apparent 
reletion between amovnt of phage edded to the f1ltsr and. 
tla orcurt resovered after passage. With econeld Niorda', 
; 20? gyrect ious perticies, variable recovery ws 
cyookned mith oxssoses ag low as 107? ¥s in some cases. 
Wita a heavier "loading" as mentioned balow, this appa-— 
rt vesiation sears to have Cissapcared. 

It was found that loading with ten times rs 
mech nhego (21075 appears to give reproducable recoveries 
which were much gsraatexy then previous ones. This is now 
being contin ad. Conscauertly such lésding f.cuers will 
neputes evaluction with regard to retention. The effect 
ayceevs that certrin mewtsaunes are less retentive than 
inizlally indicated. It is alco mnportant to note that 
this data is contingent upon the dual donditions of phage 
particle sizes end membrane uniformity itself. | 

Tie initial bacteriophrge (our designation DT-3) 
was tentatively reported hy Camp Detrick to have an 
apparently wide range o8 sizes. Plating shows considerable 
variation in placue sizes. Three substreins with three 
different plaque sizes heve been separated. These strains 
are still being selectively plated and now appear quite 
uniform within the strain, This indicates that the renge 
of size of the phage should be sraliler. | 

Strains of Coliphage T-3 have been received from 
Dr. Weigle at Cal. Tech. , Dr. Fershey at Crrnegie Inste, . 
Cold Spring Farhor, Long Island. 
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Strains of Coliphage T-5 rave been received 
from the American Type Culture Collection, Dr. Hershey 


and Dy, Weiglos The 7-3 aré 1-5 strains are in the process 
of building upjand selection. . 
- Purine Dr. Roiduen's visit to this company on 
Oetorer 6th and 7th 1953, it was concluded thrt 1t would he 
eo adriseble to furthor check the phage size using phege 
produesd in the presence of a synthetic medium, This 
would make idontifieation of the phege particles In the 
electron wicroscope rore definite. 
To shat end this labozatory would work cut the 
details of the medium ond its application to the phages. 
In ccordination with fine menbrene developments, Mr. 
Krebete vould take the trip to Camp Detrick to collaborate | 
in the use of the electron mleroscope for sizing of the 
phage particles end eventuel membrane evrluation. 
in the course of the djscussions with Dr. Rolduay 
iu was also agreed that the use of serologicel methods for 
identifilertion of the pheges would be explored to cid in 
identifiertion of phages on hand. 


PART IIT 

It seems very approprirte &t this stage of 
investigations for this contract to review the course of 
our work specifically under the objectives of the contract 
requirements. These discussions ray be conveniently groupdd 
in their order of priorty, namclys 


1. Fino memrranes. 


2. Coarse membrencse 
3. Aerosol detection a vietle oo 
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: 1e Our studies of the mochani sus of menbrene 
“prepare tion heve shown thet the erount of subtd tation on 
/- @eLlilese-egetate is a direct factor in controlling ‘the 


flow-rete of membrrnése These low flow-rete membranes . : “35 
in turn ave baing bvaluated with phezge filtretions in . a 
orcer to establish retention , end a relation between © 
flow-rete and retention. During the course of the phege 
esseys, experiments are continuing in part flong the 
lines of mevimising the vnifornity rnd roprodued bility of 
these fine momhrenes. 
Tha investipations with eelluloss-seetato- butyrate 
and collulose-acetate types ave now complete Inzofrar as 
comrerclally available types ore concern: oe Cellulose- 
acetate types formuleted thus fer indier te superior cll- 
around characteristics for a millimicron retention hydrosol 
tyne manbrane over the ecetate-butyrate tynes. 

The cellulose-acetats aype applicable for this. . 
purpose has a combined rcetic’ acid content of 5601 to 5606i~o 
Since cellulose triacetate comes as high as 61.5 to 62.5% 
combined Ac, fror. the substitution the triacetate would be 
highly indicated. This is not perticulerly.fessible for 
these rensons: The cellulose of 56.1 to 56.6% HAe is the 
Highest substituted ecetate ester still soluble in acetone 
solvent. Tre triacetetes are not solutle in acetone or 
even ester solvents but require high percentages of 
‘chlorinsted solvents. There are then three basic reasons 
for ruling out triacetete in membranes. (1) Chlorinoged 
solvents are highly toxic. (2) Triacetates,which contain ' 
virtuslly no hydroxyl,are indicated to produce brittle | 


menbrenes.e (3) Use of chlorinated solvents would else beve " 
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cere Tene = a STerCOT ET SMS ih general Len Ivahe US28. 
The nature of the studies condueted thus far in 
search of fine uniform menbranes have been feasable and prace 
tical insofar as ecuwipment end materials are concerned. 
inane studies for the most part have involved an analysis of 
retozatzed variables on which definite quantitative écta kas 
nevey pec recorded or available. in the absence of such da~ 
ta wAich mst have accompani 2d vrevious membrane developments, 
the evrects or possibly the Limitations of o given variable 
720c eoxpLotaly unimern. Cousesmently tho pattern of cur 
iivesvizgations thus far are justifiable on the basis of 
mecouinisns Leading to the particle size retention. 
A further approach to these studies particulerly 
on the fine monbranes down tha line to extreme finoness, 
lies in basle analyses of solvation and solution processes 
of colloidal cellulose ester diszersions. Data on this ge- 
neral subject 1s becoming more atundant in current litera- 
ture. It is in this basic approach that dislectric-constant 
squipment and measurements were calculated within this pro- 
gram of investigations, However in view of the short term 
of this contract it has now been decided that this type of 
basic study wi] not be initiated. | 
Theoretically, membranes of graded porosities in 
the colloidal dimension range approach the regions of highly 
Geveloped molecular arrangement and symmetry of structure. 
In these aspects it is not unreasonable to conaider the ne- 
ture of chemical bonds and the critical requirement of a de- 
finite macro-moleoular arrangement in.a very fine membrane 


structure. It becomes equally important to produce a given 
Eine _porans strac ure 30.42 26. to: peoduss ‘tnsde pores ore 
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@e In the searca of developing coarse typs rembrenes. 
esi lniosic Ineovers hove not indiected a single ciue ieadirg to 
foit sige dincnolenms apgryeching ten end tyonty wlarirse Tha 
VUTITAy Migeteta, Chercrors, that we as rect @ ‘experiments more 


” 2 


ovicetivelg dn acaorcance with specific contract requiresicnis. 


Peo thesa y,-ogons we take the position that new be s: @ insre 


g 


dicns devciorienss (outside of collulose) -be Initieted at this 
tioa, This sort of dovelopment concolvably encom? 3208 8 ths 
ecnsemimnes of fine type as well as coarse type filtering 
moitsrialse 


3. in view of projoct priorities, extensice test4ug and 
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svaliation of present ‘erbrene developreonts, end the inercesing 
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atop? of toth fins end ecarse typa menherne atudies, worl 
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gut vantration in the foresesasle minths will be davotod to 
these problons. The acrosol. dgteution study is likswise a 
breed bosic type of Investigytion and tive ellotnent on this 
pert of our projact js secondary to the renurane Cove lopmatyse 
Tats point «s diseussed durinc Dr. Bolduen’s visit to Water- 4 
town and was rutuelly ecreed vpone 
As dllustrrted in Fart I the tesie physicel assenbly 
of the chember hes been accomplished. In accordance with da- 
velopments in sections 1 and 2 above, time allotmont td the 
aerosol chamber operation will be subject to discretion. The 
chamber 4s now available when thet opportunity presents itself. 
) iinion ‘submitted, 
VELL Pot COMPANY 
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